Abstract: This study aimed to investigate the impact of sarcopenia and body composition on survival outcomes in Korean patients with advanced-stage high-grade serous ovarian carcinoma (HGSOC). We retrospectively identified patients diagnosed with and treated for International Federation of Gynecology and Obstetrics stage III-IV HGSOC. Skeletal muscle index (SMI) was measured using pre-treatment computed tomography scans at the third lumbar vertebra. Sarcopenia was defined as SMI <39.0 cm 2 /m 2 . Patients' clinicopathologic characteristics and survival outcomes were compared according to sarcopenia presence. For subgroup analysis, we also measured the total fat area from the same image. In total, 76 and 103 patients were assigned to the sarcopenia and control groups, respectively. Comorbidities, stage, serum CA-125 levels, and size of residual tumor after surgery were similar between both groups. After a median follow up of 42.7 months, both groups showed similar progression-free survival (PFS) and overall survival (OS). In subgroup analysis confined to the sarcopenia group, patients with high fat-to-muscle ratio (FMR; ≥2.1, n = 38) showed significantly worse OS than those with low FMR (<2.1, n = 38) (5-year survival rate, 44.7% vs. 80.0%; p = 0.046), whereas PFS was not different (p = 0.365). Multivariate analyses identified high FMR as an independent poor prognostic factor for OS in this group (adjusted hazard ratio, 3.377; 95% confidence interval, 1.170-9.752; p = 0.024). In conclusion, sarcopenia did not influence recurrence rates and survival in Korean patients with advanced-stage HGSOC. However, among the patients with sarcopenia, high FMR was associated with decreased OS.
Introduction
Ovarian cancer, one of the deadliest gynecologic malignancies, causes more than 150,000 deaths worldwide each year [1] . The incidence of ovarian cancer is higher among high Human Development Index countries, and it is gradually increasing in Korea [2] . Owing to the absence of cancer-specific symptoms and effective screening tools, ovarian cancer tends to be diagnosed at an advanced-stage and thus has a high recurrence rate and poor five-year survival rate despite intensive treatment [3] . 1 In this study, underweight patients (BMI <18.5 kg/m 2 ) were excluded in analysis. 2 PSR was defined as relapse ≥6 months after completion of taxane-and platinum-based chemotherapy, whereas PRR as relapse <6 months. 3 In addition to PSR, the patients who completed taxane-and platinum-based chemotherapy and did not experience disease recurrence during at least six months of follow-up period were considered platinum-sensitive. Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CA-125, cancer antigen 125; FIGO, International Federation of Gynecology and Obstetrics; IDS, interval debulking surgery; NAC, neoadjuvant chemotherapy; PDS, primary debulking surgery; PRR, platinum-resistant recurrence; PSR, platinum-sensitive recurrence; SD, standard deviation. Figure 1A ) and OS (five-year survival rate, 64.1% vs. 59.3%; p = 0.287; Figure 1B ). Figure 1A ) and OS (five-year survival rate, 64.1% vs. 59.3%; p = 0.287; Figure 1B ). Multivariate analyses adjusting patients' age, International Federation of Gynecology and Obstetrics (FIGO) stage, serum CA-125 levels, primary treatment strategy, residual tumor size after surgery, and BMI revealed that pre-treatment sarcopenia status did not influence patients' PFS and OS (Table 3) . Instead, age ≥58 years (adjusted hazard ratio (aHR), 1.458; 95% confidence interval (CI), 1.0242.077; p = 0.037) and gross residual tumor (aHR, 1.504; 95% CI, 1.0682.119; p = 0.020) were identified as independent poor prognostic factors for PFS. For OS, NAC rather than primary debulking surgery (PDS; aHR, 2.000; 95% CI, 1.0963.649; p = 0.024) and gross residual tumor (aHR, 2.142; 95% CI, 1.2583.647; p = 0.005) were the poor prognostic factors. Multivariate analyses adjusting patients' age, International Federation of Gynecology and Obstetrics (FIGO) stage, serum CA-125 levels, primary treatment strategy, residual tumor size after surgery, and BMI revealed that pre-treatment sarcopenia status did not influence patients' PFS and OS (Table 3) . Instead, age ≥58 years (adjusted hazard ratio (aHR), 1.458; 95% confidence interval (CI), 1.024-2.077; p = 0.037) and gross residual tumor (aHR, 1.504; 95% CI, 1.068-2.119; p = 0.020) were identified as independent poor prognostic factors for PFS. For OS, NAC rather than primary debulking surgery (PDS; aHR, 2.000; 95% CI, 1.096-3.649; p = 0.024) and gross residual tumor (aHR, 2.142; 95% CI, 1.258-3.647; p = 0.005) were the poor prognostic factors. 
Subgroup Analysis in Sarcopenia Patients
Because we focused on patients' relative fat mass, we adopted fat-to-muscle ratio (FMR) among the calculated body composition indices. As the median FMR of all patients was 2.1, we subdivided the patients into FMR low (<2.1) and high (≥2.1) groups. Among the patients without sarcopenia (n = 103), no differences in PFS and OS were observed between the FMR low and high groups (p = 0.453 and p = 0.975, respectively) ( Figure 2A ,B).
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( Figure 2C ,D). Multivariate analyses identified high FMR as an independent poor prognostic factor for OS in this group (aHR, 3.377; 95% CI, 1.1709.752; p = 0.024), whereas high FMR did not influence patients' PFS (p = 0.825) ( Table 6 ). Other poor prognostic factors for OS were NAC rather than PDS (aHR, 3.310; 95% CI, 1.09610.000; p = 0.034) and gross residual tumor after surgery (aHR, 4.377; 95% CI, 1.65511.578; p = 0.003). Next, we performed subgroup analysis confined to the sarcopenia group (n = 76). Patients' clinicopathologic characteristics are presented in Table 4 . Compared to patients with low FMR, patients with high FMR were significantly older (mean, 60.1 vs. 54.0 years; p = 0.006), and had higher pre-treatment BMI (mean, 23.6 vs. 20.7 kg/m 2 ; p < 0.001) and prevalence of dyslipidemia (15.8% vs. 0%; p = 0.025). Other characteristics were similar between the FMR high and low groups. Sarcopenia patients' initial body composition and laboratory results are presented in Table 5 . Compared to the FMR low group, the FMR high group showed higher total fat area (median, 228.1 vs. 141.5 cm 2 ; p < 0.001) and visceral-to-subcutaneous fat ratio (VSR; median, 0.6 vs. 0.3; p = 0.001), and lower skeletal muscle mass-to-visceral fat ratio (SVR; median, 1.1 vs. 2.5; p < 0.001). However, skeletal muscle area as well as SMI were similar between both groups. There were no differences in the laboratory results, inflammatory indices, and nutritional index between the two groups. Table 4 . Clinicopathologic characteristics of sarcopenia patients. 1 In this study, underweight patients (BMI < 18.5 kg/m 2 ) were excluded in analysis. 2 PSR was defined as relapse ≥6 months after completion of taxane-and platinum-based chemotherapy, whereas PRR as relapse <6 months. 3 In addition to PSR, the patients who completed taxane-and platinum-based chemotherapy and did not experience disease recurrence during at least six months of follow-up period were considered platinum-sensitive. In the sarcopenia group, patients with FMR showed significantly worse OS than those with low FMR (five-year survival rate, 44.7% vs. 80.0%; p = 0.046), whereas PFS was not different (p = 0.365) ( Figure 2C,D) . Multivariate analyses identified high FMR as an independent poor prognostic factor for OS in this group (aHR, 3.377; 95% CI, 1.170-9.752; p = 0.024), whereas high FMR did not influence patients' PFS (p = 0.825) ( Table 6 ). Other poor prognostic factors for OS were NAC rather than PDS (aHR, 3.310; 95% CI, 1.096-10.000; p = 0.034) and gross residual tumor after surgery (aHR, 4.377; 95% CI, 1.655-11.578; p = 0.003). 
Characteristics

Correlations between Body Compositio and Systemic Inflammatory Indices
We investigated the correlations between SMI and the three systemic inflammatory indices, neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), and platelet-to-lymphocyte ratio (PLR). While SMI was significantly associated with BMI (Pearson's correlation coefficient r = 0.478; p < 0.001), there were no correlations between SMI and either NLR, MLR, or PLR (Figure 3A-D) .
We investigated the correlations between SMI and the three systemic inflammatory indices, neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), and platelet-tolymphocyte ratio (PLR). While SMI was significantly associated with BMI (Pearson's correlation coefficient r = 0.478; p < 0.001), there were no correlations between SMI and either NLR, MLR, or PLR ( Figure 3AD) .
To elucidate the underlying mechanisms of high FMR and poor survival outcome in sarcopenia patients, correlations between FMR and the three systemic inflammatory indices-NLR, MLR, and PLR-were also investigated. While FMR was significantly associated with BMI (Pearson's correlation coefficient r = 0.778; p < 0.001), significant correlations were not observed between FMR and NLR, between FMR and MLR, and between FMR and PLR ( Figure 3EH ). 
Discussion
In this study, we investigated the impact of pre-treatment sarcopenia on survival outcomes in patients with advanced-stage HGSOC and revealed that there was no significant association between sarcopenia and recurrence rate or survival. However, further subgroup analysis identified high FMR as a poor prognostic factor for OS in sarcopenia patients.
Unlike other malignancies in which sarcopenia is associated with decreased OS and increased post-operative morbidity [17, 18] , inconsistent results on the relationship between sarcopenia and survival outcome are observed among the studies regarding ovarian cancer. There are two representative retrospective studies: while Bronger et al. reported the baseline sarcopenia is an independent poor prognostic factor for PFS and OS in advanced-stage serous ovarian cancer [10] , Rutten et al. demonstrated that sarcopenia was not a prognostic factor for OS or major complications in ovarian cancer patients undergoing PDS [11] . Most studies were conducted in Western populations whose body composition is different from that of Asians. Recently, a Japanese retrospective study showed results similar to those of our study; pre-treatment SMI was not associated with ovarian cancer patients' PFS and OS [19] . However, that study included early-stage disease and histologic types other than HGSOC, which is definitely different compared to our study.
To date, researches on sarcopenia in cancer patients have been conducted in the context of cancer cachexia. Patients with HGSOC are at high risk of sarcopenia and cachexia. First, as the disease is To elucidate the underlying mechanisms of high FMR and poor survival outcome in sarcopenia patients, correlations between FMR and the three systemic inflammatory indices-NLR, MLR, and PLR-were also investigated. While FMR was significantly associated with BMI (Pearson's correlation coefficient r = 0.778; p < 0.001), significant correlations were not observed between FMR and NLR, between FMR and MLR, and between FMR and PLR ( Figure 3E-H) .
To date, researches on sarcopenia in cancer patients have been conducted in the context of cancer cachexia. Patients with HGSOC are at high risk of sarcopenia and cachexia. First, as the disease is often detected in a much-progressed state, the patients might already have cachexia at the time of diagnosis. Second, an enlarging tumor mass induces metabolic dysfunction towards catabolism, while bowel obstructions during disease progression cause anorexia or reduced food intake [20] . Third, newly diagnosed patients undergo aggressive cytoreductive surgery followed by taxane-and platinum-based chemotherapy as an established standard of care, which further aggravate anorexia and loss of body weight [21] . Consequently, poor nutritional status and loss of muscle mass and strength is highly expected in patients with ovarian cancer. Previously, our research team reported that underweight status, one of the representative features of cachexia, was a poor prognostic factor in patients with advanced-stage ovarian cancer [22] . In the current study, rather than cancer cachexia, we focused on sarcopenia itself which may be incidentally discovered at the time of diagnosis of ovarian cancer. For this purpose, we excluded pre-treatment underweight patients in whom cancer cachexia could already be dominant.
CT scans are known to distinguish fat and muscle tissue accurately with high reproducibility by using specific attenuation of each tissue [23] . The most commonly used and validated Hounsfield unit (HU) range for adipose tissue is −190 to −30. However, there is an inconsistency between the literature with the HU range for muscle tissue, which starts from either 0 or −29 and ends at 100 or 150. Exclusion of the area ranging from −29 to 0 HU may result in significant loss of the total muscle area. Instead, we used −29 to 150 HU for muscle tissue so as not to miss the low attenuation muscle, same as that used in previous studies [24, 25] .
Although there was no statistical difference in PFS and OS between the sarcopenia and control groups, we found that high FMR is an independent prognostic factor for OS in the sarcopenia group. The coexistence of sarcopenia and obesity (sarcopenic obesity) seems to affect patients' survival outcomes equal to or greater than the sum of the respective risks of obesity and sarcopenia alone [26] . A previous study has reported that the presence of sarcopenic obesity increased patients' mortality in colorectal cancer [27] . In the current study, we focused on amount of the fat relative to the muscle, rather than BMI, considering the fact that Asians have a higher body fat percentage than Westerners at the same BMI [16] , and similar results were found with the previous studies.
One remarkable observation in the current study is that we tried to elucidate the mechanisms underlying the relationship between high FMR and decreased survival in sarcopenic patients with advanced-stage HGSOC. Previously, our research team reported that adipose stem cells from visceral and subcutaneous fat facilitated the growth and migration of ovarian cancer cells via IL-6/JAK2/STAT3 pathway [28] . Adding to this, other researchers have reported that visceral obesity is associated with a chronic inflammatory state, which leads to adverse metabolic consequences [29] . The relationship between sarcopenia and systemic inflammation has been also reported [30] . In this context, we hypothesized that systemic inflammatory indices (NLR, MLR, and PLR) would be different between the high and low FMR groups. However, there were no differences between both groups, and correlations were not observed between FMR and the three systemic inflammatory indices. Similar correlations were also observed between SMI and the inflammatory indices. These findings might be related to the small sample size or exclusion of underweight patients. Moreover, investigation of other systemic inflammatory markers and adipose tissue-derived cytokines, such as leptin, IL-6 and TNF-α, may answer our hypothesis exactly.
In keeping with the era of precision medicine, early identification of adverse body composition which might influence patients' survival outcome would be one of the important issues. For patients who have high FMR, aerobic exercises may be recommended to reduce adipose tissue. To date, intervention studies to prevent sarcopenia or maintain skeletal muscle mass in patients with ovarian cancer is still insufficient. Nevertheless, as recommended by various societies, prescription of resistance-type exercise training and a protein-rich diet or protein supplement should be also considered for HGSOC patients with sarcopenia. Hormone replacement therapy or vitamin D may be given, but more evidence is needed [31] [32] [33] . For those who have chemotherapy-induced nausea and vomiting, adequate anti-emetics as well as parenteral nutrition should be provided. If patients suffer from dyspepsia or abdominal distention owing to large amount of ascites, drainage of ascitic fluid may improve patients' symptoms as well as nutritional status. If there is long persistent seeding ileus, procedures such as stoma formation may be considered as well. Prior to administering these interventions, all HGSOC patients should be screened for sarcopenia and adiposity at the time of diagnosis. As pre-treatment or baseline CT scans are commonly performed to determine the severity of disease and to establish a treatment plan in most patients, routine screening for body composition would be available and practical.
The current study has several limitations. First, a small sample size with possible selection bias that originates from the retrospective study design might be problematic. Second, the sequential change of body composition in each individual was not considered. Third, associations between sarcopenia and surgery or chemotherapy-related complications were not investigated. Finally, although muscle mass was successfully measured by using CT scans, muscle quality was hard to know by this imaging modality. Decreased muscle quality is known to be associated with the fatty degeneration or fatty infiltration of the muscle (i.e., myosteatosis). Currently, magnetic resonance imaging (MRI) is the best modality to evaluate the muscle quality and myosteatosis. In addition, MRI may also provide information on inflammation, edema, fibrosis, and atrophy in the muscle [34] [35] [36] . However, because of its high cost, limited availability, and long image acquisition time, MRI-based body composition assessment is not a routine clinical practice. Most of our study population did not undergo pre-treatment MRI, so accurate assessment of muscle quality was unavailable. Despite this study's limitations, the current study is the first study to adopt CT-based body composition measurement techniques to identify prognostic factors in Korean ovarian cancer patients.
Materials and Methods
This retrospective cohort study was approved by the Institutional Review Board of Seoul National University Hospital (SNUH; No. H-1911-171-1082) which waived the requirement to obtain informed consent.
Study Population
From the Ovarian Cancer Cohort Database, we searched patients who met the following inclusion criteria: (1) patients older than 18 years of age, (2) those with HGSOC diagnosed and primarily treated at SNUH between January 2010 and December 2017, and (3) those with FIGO stage III-IV disease. However, patients with the following conditions were excluded: (1) patients with any malignancy other than HGSOC, (2) those with insufficient clinical data, (3) those who did not undergo pre-treatment CT scans, and (4) those who were underweight based on pre-treatment BMI (<18.5 kg/m 2 ). In total, 179 patients who met these criteria were included in this analysis.
CT Image Analysis and Definition of Sarcopenia
For the evaluation of sarcopenia, a cross-sectional area of the muscle at the level of L3 vertebral body was measured using baseline CT scans. Applying previously validated boundaries of −190 to −30 HU for fat tissue and −29 to 150 HU for skeletal muscle [37] , an experienced radiologist (T.M.K., 5 years of genitourinary imaging experience) who was blinded to the clinical outcome measured total abdominal muscle area (cm 2 ), intramuscular fat area (cm 2 ), visceral fat area (cm 2 ), and subcutaneous fat area (cm 2 ). This CT image analysis was conducted by semi-automatic technique using AsanJ-Morphometry software (Asan Image Metrics, Seoul, Korea) ( Figure 4A-C) . Total abdominal muscle area (cm 2 ) was normalized for height (m 2 ) and reported as lumbar SMI. To date, the sex-specific cut-off values of SMI for sarcopenia have not been validated in Korean healthy individuals. Adoption of the cut-off values suggested by Japanese study groups was deterred because they were developed in different study populations (e.g., patients with liver disease, [38] ) or had age limitations (e.g., <50 years, [39] ). In addition, proportions of populations with overweightobesity are even different between Korea and Japan according to the OECD Health Statistics 2019 [13] . Therefore, we defined sarcopenia as SMI of <39.0 cm 2 /m 2 according to the proposed cut-off value by an international consensus, and divided patients into sarcopenia group (<39.0 cm 2 /m 2 ) and no sarcopenia group (control group; ≥39.0 cm 2 /m 2 ) [40] . We also calculated other body composition indices, such as FMR, VSR, and SVR.
Data Collection
We collected patients' clinicopathologic characteristics including age, co-morbidities such as hypertension or diabetes, American Society of Anesthesiologists score, FIGO stage, NAC, residual tumor size after PDS or interval debulking surgery, and regimens and cycles of adjuvant chemotherapy. Patients treated with neoadjuvant chemotherapy received 3-4 cycles of taxane-and platinum-based chemotherapy before surgery, and optimal debulking surgery was considered when no gross residual tumor was achieved.
Patients' pre-treatment BMI was calculated as body weight (kg) divided by height squared (m 2 ), which were measured at the time of diagnosis. All patients were classified into three groups based on the following BMI criteria suggested by the World Health Organization for the Asian population: normal (≥18.5 kg/m 2 Total abdominal muscle area (cm 2 ) was normalized for height (m 2 ) and reported as lumbar SMI. To date, the sex-specific cut-off values of SMI for sarcopenia have not been validated in Korean healthy individuals. Adoption of the cut-off values suggested by Japanese study groups was deterred because they were developed in different study populations (e.g., patients with liver disease, [38] ) or had age limitations (e.g., <50 years, [39] ). In addition, proportions of populations with overweight-obesity are even different between Korea and Japan according to the OECD Health Statistics 2019 [13] . Therefore, we defined sarcopenia as SMI of <39.0 cm 2 /m 2 according to the proposed cut-off value by an international consensus, and divided patients into sarcopenia group (<39.0 cm 2 /m 2 ) and no sarcopenia group (control group; ≥39.0 cm 2 /m 2 ) [40] . We also calculated other body composition indices, such as FMR, VSR, and SVR.
Patients' pre-treatment BMI was calculated as body weight (kg) divided by height squared (m 2 ), which were measured at the time of diagnosis. All patients were classified into three groups based on the following BMI criteria suggested by the World Health Organization for the Asian population: normal (≥18.5 kg/m 2 and <23.0 kg/m 2 ), overweight (≥23.0 kg/m 2 and <25.0 kg/m 2 ), and obese (≥25.0 kg/m 2 ) [16] .
Data acquisition also included serum CA-125 levels, hemoglobin, albumin, and differential blood cell counts including neutrophils, lymphocytes, monocytes, and platelets at initial diagnosis, less than a month prior to either PDS or the start date of NAC. As systemic inflammatory indices, we calculated the NLR, MLR, and PLR. As a pre-treatment nutritional index, we calculated the prognostic nutritional index (PNI) as follows: 10 × serum albumin (g/dL) + 0.005 × peripheral blood lymphocyte count (/uL) [41] .
In terms of survival data, OS was defined as the time interval between the date of diagnosis and the date of cancer-related death or the end of the study. During the surveillance, patients received CT scanning routinely every three to four months for the first two years, every six months for the next two years, and thereafter, every year or when symptoms or examination findings were suspicious for recurrence. Therefore, we defined PFS as the time interval between the start date of primary treatment and the date of image-confirmed disease progression, which was assessed based on the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 [42] .
Statistical Analysis
We compared the patients' clinicopathologic characteristics and survival outcomes between the sarcopenia and control groups. We used Student's t-test and the Mann-Whitney U test for comparisons of continuous variables and Pearson's chi-squared and Fisher's exact test for categorical variables. For survival analysis, we conducted the Kaplan-Meier methods with log-rank test. Multivariate analysis was performed using a Cox proportional-hazards model, and aHRs and 95% CIs were calculated. We used IBM SPSS Statistics software (version 25·0; SPSS Inc., Chicago, IL, USA) for these analyses. Correlation values were calculated by the Pearson's correlation coefficient test using the GraphPad Prism 5 software (GraphPad Inc., La Jolla, CA, USA). A p value <0.05 was considered statistically significant.
Conclusions
In conclusion, we investigated the clinical significance of sarcopenia in Korean patients with advanced-stage HGSOC and found that sarcopenia did not influence patients' recurrence rates and survival. However, among the sarcopenia patients, those who had relatively high levels of fat compared to muscle mass showed worse OS. Further translational researches and prospective studies are warranted.
